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(57) Abstract: 

PURPOSE: To realize a high luminance short wavelength 
semiconductor light emitting element by growing a high 
quality AIGalnN based thin film with high 
reproducibility on a saphire substrate. 

CONSTITUTION: The semiconductor light emitting 
element comprises a plurality of semiconductor layers of 
AIGalnN based material laminated through buffer layers 
on a saphire substrate 10 wherein the buffer layer 
comprises a first porous AIN butter layer 11 for 
polarity control and nucleus formation formed sparcely 
(granularly) by 10nm or less on the surface of the 
substrate 10, and a second InN buffer layer 12 for 
relaxing thermal stress formed thicker than the first 
buffer layer 1 1 . 
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a I nN3R«»*»5«:S*«c04&W#**«liLT** 
MffiAy 7 7111 AlGaInN^*>5&0, S 

[!S;fcJS2] JUttftatRiCAy^T-JI^UTA 1 G 
a I nNJR«m^6a:«mR®¥tiM«8WbTA:« 

WIEAy7rSH A 1 Ga I nN*tt»^6ttOS9fS 

»IlA777@i, AlGaInN3R#»*6ft;5SB 
1 A*-y 7 7JB±tC^A5; 77li 0 t>J*< JRfcsnfcJIft 
2^SSJM«^ 2 Ay 7 7l <=>ft-5 fc©T$>& d <h 
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[0 0 0 1] 

[**±©ftJM»»] *«W4. A 1 Ga I nNSW 
[0 0 0 2] 

TSSGaNllO v7"d*3. 4eVt^<, 

f^nxv^. co<m*Tia, teTfi^-rs&jtft* 

*V»fc»K*tt»C*ftLSV». *5K1, SfftGaNl 30 
itGaN RHAlGalnN) ffl<D%mmm\Z «k 0 

[0 0 0 3] cttc#u*HPT*£'©if»*a»iT*& 

8«©A 1 NXttGaN*ftMftl:J:0Ay7rii: 

vicoi^. 7 : t;i'777XH#eft©Ay 
sfltiuwi o o ot:cDiif»wHc*ffiat»ofcais»t 

[0 0 0 4] d©#te*fl!V>fc»&, «^.tfX«H3»rO 
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[0 0 0 5] 

CfB9!A«#*U J: 3 d©«fc3K:fE*. it y 

T<7&tiL±iZtiHg,n<DA 1 Ga I nN^SgJ&£;ji£|£jE£ 
ft£tJ-£Gr>«ffl|iT£>'g>. 3"&Kl. 7^7 77,^ 
ao/t-v7 7lSIHTt). A777I 
l/<«HSn*±C. /V>7 7l±l:»J*3n«AlG 
a I nN3R»JK©*aaR i bi-»i:tta^.ftV». d»fc 
A 1 Ga I nN^tt^ffll^fciaSJW&Jg&fi©^ 
frfgftSi^ £*Hf « d t IJIlTSo It. 

[0006] ±fe^«$#«LTft$nfcfc 
©r. d3tt, «?*£-Lftv>£flLl: 

Kfc*ftKfcA 1 Ga I nNMfI^M^<W 

[0 0 0 7] 

BP*, #@i<Z)Sg 1 ©fgBUtt, JMSftaWLhlc/ty 77I 
^HAl Ga I nN35#W6a5¥«*SS«i 
LTft-5^^TtC*3l^T. A7 7 7i/i { . A 1 G a 

[0008] dd-e. *»H©a*bv»*atti«tLT 

(1) A777111 36«*®K«»<atsK»«sn 

(2) rtvyrmiZ. AINTSSii. 

(3) f^lSffilt f77<7l«, »*L<«-9-7r 
•f T'SScd c ®T?a&-g> d £. 

(4) Ay7 7l±l:Mt5^*Ill @ttg£pl/ 

(5) A777IOSMSII 3 5 0~8 0 0t, 
itKliS 0 0~7 0 CCT^SCi:. 

(6) rtv7Tm&&f&viz&izm : ?Mtii<D*itt)<D¥m# 

ftVi**»HgiTfT7 dt. 

[0 0 0 9] gjfc. *ST©ai 2 <Z>5S9Itt, 
fcAy^rJf £t>LTA 1 Ga I nNjR^*545© 
UTfcS^WfMFPKlfc^T, Ay7 7 
■ #A1 Ga I nN**ftt*»Sfc»J. SIC 
ttfcJSj* SftfcSS lA777lt. f 1A777IJ:0 

< »as nfc » 2A777§i vmmmmfr zm&i^tt 
[0010] ddT. *&m<Dm£.L^mmmtisT 
(1) HA777K1 &&&mizmm <«?>tc/g^$ 
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t. 

(2) IlA7 7 7ittAlNTJ5l3, S2A7 7 7l« 
I nNXHGa I nNT^Ct. 

(3) m2/ , ?-y7 7e±{C, HA'^rlCI n©i&fS£ 

(4) *3f|g«tt. -y-7r-f7*ffi. ^K(W7r 

(5) n'^rio^fiiagli 3 5 0~8 0 0t:, =k0 
s^u<«5 o o~7 o or-e&sci. 10 

(6) A^7r)i-h»c^fig-r^^^ll«. Sftii£pS 

(7) nyy Tm&Mfevftmzm=?-i&)&v>rz.tb<D*mw 

[ooii] *f&mm<bv>w?i\z&ti\z. A'7 7 7gc 
<h iTiit** x tix z tzfeT^m&mm vmz 

$>%Zt7!)mWVtz. ffl*>, A'7 7 7ll*lTif7 7'f 20 

^iic**#sjc;u ^77<7iiiStt©MSifiswi 

[0 0 12] -77. *«iag#7 0 Orj^TCC^flCfS, 

ftm®>tfmmzi&m\z.m3i vmmzNm^ffitfi&fczn 

mLtzm&, N&n^&?)tzst>\z7F£jz.\zuz>Nm?m 30 
(b®) tDM&jsmfflznz). z.n&. tt^fi/iy7 

rJIlc<i;5ijgf&,&»&S©*#&IlE&<h#*6n£. 
[0 0 13] ftoT, A*y7 7Ji©t££Ji:L-C«J5£&S 

\zm<f&&m-zwktLi'-c??&.-r<b&^:\-zts.<. trb5S 

«*®lC*5.lC^$n^.7j*VN*-y 7 7lWM^ftt 

tf7 5"f 7-s«^®T«a^8 o ot:j^±cos«ia 
fe^rat?^^ nrcfigss^ t«tjisj 40 

[0014] A777i^^i:ti;5S 
$WE*i!fii«s«©#{fc^ Sffi*^^n^tii:^sj*;LT 
aft ozLtitz ■$nz><Dfi<mmt%x. ens. 

-tr^r-f 7SI±i:Plx(iA 1 NA777 
If £frLT¥g#iit1 :: ^f£©fcae>©G a NJg£j£g-T-5 
IIIKJSIA (TMA) iVM^ (N H s ) ©{* 
%HZ£K)n.yy 7 m$:l$.&Lfz'&. Ill Jglgm 50 
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<9lfcU fiffJtiSSSTfJ-fSLfc&l-SiJ© 1 1 I^HC** (T 
MG) Zm&LTG aNm<Z>f8.&£m!tb-rz>. Z\<Dt 

[0 0 15] cniCttU #ra^7>^n7^-g-i?5: 

3. *^?e#e>«. z.n^m?L^>tztb\z\t. f&.&.&m.fc 

©J»fiSMSA«A»K:«^-r-B 7 OTorrJI^T, ISb<IJ 
4 0 TorrJWT©MEET"CfT'3 d iS ! SS"?S^i Z. t. 

[0 0 16] E9 9I3. **«f»KT*MaixifcWM>A 1 N/X 
y 7 r HJ¥ t^-co±(cj«S bfe G a Nl© XgHIaiffr #f 
«£©BMR«j*T. A , 7 7 7lf*n0nmJ;D»U3 

Ha*»5*lTH£. ^©tt. A7 7 7ili^Itt 

CdT. A , 777lff* { 10nm < t0i 

< t fciissifcox t! * * -> ^ enscttt, a 

y7rJg©J&S&#a«^a^cfc5££*£"ifcU ±M 
fe<Dfo±.\Z~Dl3.tfZ>. 
[0 0 17] iOi5 C*UlOA j 7 rl*»f8 l/ft 

0<EiS-r-5(d«, S«i:tti77 7<7cffi$lV^Ct 
mtZO. 5° ^5 10° (a*b<»41° *»65* ) « 
[0 0 18] Z.Z.T?, ^fttt&SA 1 N»^ffi©raiH 

sjf7S^m* { #enrc©«, 3 5 ot:;fr><=,8 0 or: 
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[0 0 19] ife. Cl©77ffi€:^ViTfe, MftGaN 
@$fi£S-r^fc*lC^-©)K»*/?<-rSi, GaN©« 

fija«*«i 0 0 otegt^^fc*, ^77-f 7Sfit 

G a N (X«A IGalnN) IB]OM»ffiS(C «k 0 ^ 
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[0 0 2 0] mSfrWfaa>1tib<D/'t'y7Tm\Z&'9'Lb 

I n*iJj57c*il / T*tf«»*»2Ay77iil/T 10 
m^ZZ.t&-CZZ>. BP'S, InliNi©^i<A 

IS 2/1^7 rJSKitt. ln$M7cftLTttf# 

co o 2 i3 m&&fflftm<Dm2/*y 7rm<os%mt.i, 20 

Tte, 5 0 nm^5 1 0 0 0 nmiT©JJ^ieBT?f f 
j5£fiU^-r^GD« I nM^l 0%^5 9 0 % 
©ttT$5. I ne*j*S*<hUT**K:£tJ$m£ 
/t»;7 7Sil/T^St'5Ctt, I n CD^S^ftSA*^ 
f<30 Ot^ 5 1 1 0 O'CSTOJJUflSflfifiE 
TT****. *»j«**UK:<^fcje>K I n 

[0 0 2 2] a±0<fc^JC. ^C^MCD|gl/N*y7 7-e 

V». M^.«A 1 »£©**V»*f#a«*r8&Tr»D. 9KS^ 30 
mam <Df& 2 /X y 7 7- IS i: LTfiA > K * r y 7" WW. 

c: w <t 7 isM&z-mam <nf& 2 a 7 t m± iz g a n ^ 

£S£<7ts!>K:GaN, A 1 N, AlGaN?0DIn^ 
$&^*t7 7"I$. I n©JKl«#&a-?tt&V>5 0 0 

l». u©+t7/lOf c!li. 5 0 nm*>fi 10 0 0 

[0 0 2 3] fcfc. *^TA7 7 7li««I£ S 40 
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A 1 G a I n NJBOjsjSftAtWIKtft 0 . i«JWS$Si£S?g 

[0 0 2 4] A 1 NmwfSZ lA?77i±C I n 

N^Ga I n N«03S 2 /1 y 7 r J: 

[0 0 2 5] 

5, -t77T-f7S« (¥&&*«) 10OcI±l;gSSft 
&^j££&tt*!lffltf©A 1 Nfgl A*y7rB 1 1 (9n 
m) *<5 8 CCKTJSfcgJgjSgStl. * 5 K3ft5*«ftJH 
OInN!2/t777ll2 (0. 5 Mm) & 5 0 0 "C 

ry7°JI13 (0. Um) *«rifcRJ8J«;5nTV».&. 

[0026] cnso^i 1 1 ~ i 3 ^sn&g 
1 o 5 o-c^Twasn. ^»^sse«ffl©Ga 

..» I n 0 ., N^|5|5<gM@14 (3. 0//m) . fft 
l/T«frf5SiK-7 , OnlAl,. l Ga,.« In 
o.itNp^y F@ (1. Oym) 15. Ga„. 7 In 
o.i NMtSfeS (0. 5 Mm) 16, MgH-7'©pM 
Al..: Ga 0 .i I n,.]iN?77 HJ§ (1. 0 Mm) 
17, Mgl<-7"OplGaN3>^^hI (0. 5m 
m) 18«MSntVi5. 
[0 0 2 7] fUT, 3>^Hl8±CIJpW«t 
2 1tlTAu/Cr/Pdit»jSSn, ;Xfo5<£2iJ/I 1 
4±lCten(M®S2 2 iLTAu/AuGeAWSn 

[0 0 2 8] £©«fc3fc#ig-ett, A1N11A777 
®1 lttS«l 0±fc*5fcttttfcJEM£SftT^3 s LJttt 
0 » »*r«ffffS©ft*«)A 1 G a I n NM¥ 
»#»Oi«fi©IRO#3ia«:«ft«tJ&:*. 3 In 
NJR2/t5/7r«l 2ttJR5*|RfllJltbT»*. Al 
Ga I nN^l^gtSfil 0 t©^JS|g(ceHT 

*. IP'S, 20©A'>77gll, 1 2cDia^(rJ:0S 
S«A 1 Ga l nN*i|s*#»£»j«-r*£<hj&*T:#, 
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[0 0 2 9] H2»l ffittil 1 6 ©A> ^^7 7"^ 
*Tf§ft&ft£^x./tfc©Ta&-5. SI 2 (a) tt^fefg 
3t^<*- h*CD0i|T*O, ^aS-fSi^M 1 4 ' ©&/££G 
a 0 . s In,., N. ^ 77 Kg 15', 17' <D'&0Sc.$ : 
Al.., Ga,.,, I n,.,, N, fSVkm 1 6 ' ©M/S^G 
a,., In,., NiLTHS. 0 2 (b) te^fijgft^ 



•f*— h*©0>JTa&O. Xmi&l&m 1 4" ©i&,5££Ga 
o.i In.., N, i777h'I15", 17"C«««A 
l,. t Ga..„ I n..„N. fittil 6"OM$Ga 
o.j I ni.! N<h bTV>&. 

coo3o] is3 (a) a, m&&w&im<Dm2nyy 

rI3 2ilTGa,. ( In,., NSI^^fe^T* 
0. 3 3 tLT«A 1 G aNSffl^fc. £ 

LTfe<k<, 123 (b) tt^-WJc^^fab-S. 
W0Ay7rI3 2 tlTA In,., NfgH 

•oaofiftfeaaKaa-c**. ^S*Mfoffl«m2 

A?7 7l3 2iLTSIS;MtSi^lC«, In© 
H»tt«V>0>T?I nWjtI0+f7^S3 3te=£l§ 
bTfc<k<. 0 3 (c) MOi^SMTS^. 
[0 0 3 1] H4tt, *&mW&?e>3Hj&iz8im bfcfig 

ssa**r«^*/«0-c*-5. h*4 lttH^aos 

JS^T*D. £©<EJ6*4 lF^trtt^X^AP4 2*^5 
a»ffi£#Xj&**A3tt*. fit, E£*4 1(*!©# 

[0 0 3 2] £j£*4 lrtKtt, a>«©-y-try* 
4 4j&*EBaftTJ3?), t£R£&4 7«i©-y-fe^4 

4 5lCi»5^Jn^Sn-5. *«4 7©fSSttl3 

SOM»4 6ICfcoTWSSft. 8ij©ga{r.j;9i&l» 

[0 0 3 3] ^IC. 0 4©JSS^i««V^^^t 

©4 1 (^©TcmSra&f^. #*Sls«CI4 3* 

&$©/£# £2 0~7 0Torr©l6ffi{C^-r-2>„ 
[0 0 3 4] ^V^-C, ««4 7**$4 J T1 1 0 ox:iz 

9 0 O'CKCTS-a-fca. h, #x£nh, N, 
H,^*V»ttN*-S-tf*«Mfc-&*. MAK (CH, ) , 
N, H, C«t)f^5t*:. *«^MGaft^%, 
«*tfGa (CH, ) , lS;Vi«Ga <C, H, ) , 



Al (CH, ) , S^UAl (C, H, ) , , Wttl&Jg 
I n MA.t£l n (CH, ) , sS;V>« I n (C, 

H, ), S^AITAI, I n©3s-&D£fT?. 
[0 0 3 5] \*-V>?&fr5&&\Z\Z\i-X>ifmm 

nhmm\zmx-?z>. k— e^aaatb-na. ni 

fflilTS i**ffc:«. #J*.tfS i H, Xtt*«aas 
ift:^*, a*.«S i (CH, ) 4 . pg/ffltbTWIS 

(ch, ) , a*fiyjj-r*. i nwi&o&^n^fc&e 
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7>*Z7J:D»»*ffl*lrJ (CH, ) , N, H, 
[0 0 3 6] ft*3, pgJ K-/t> hCDS14<t;^€:±tf^ 
^Sia^e. 8 5 O'CfrS 7 0 CCS 

offittft*6±if5<H*«**i«*i:i4RF^7Xvc 

io £9±i&i,ft&m : 7y*i)i>*\zT&Mm-rz>. cm*. 
tg§k*>fr*>v>&mm^<Dfstmitm±izffi±-eg 9 o or 

<. aaaaa©tt»2<:RB*a*-c*.5;ii:K:.fc.5. 

[0 0 3 7] *#WKltt. MiUTNH, & 1 X 1 0 
*' mol/min. G a (CH, ) , ^llxiO' 1 mol/mi 
n. A 1 (CH, ) , £1X10-' raol/min^AUT^ 
fi*fr5. Mffi&mtl 0 5 Ot, JE^3 3 8Torr. WM 
#X©*g8&Mfcil 1 /min , K— /t> hCttnMCS 
i, paiCMs*«Vi*. WftLTttS i (CH, ) 
20 Cp, Mg£&ffl-r-5. 

[0 0 3 8] *K bT#$n;fc£x/N£XaisI£r-eaffi 

vfctzz, mfkXMiimmmzm'pL. mm&m&s. 

t))V^X4 00~1100"C ($f£b<Ji7 0 0~ 1 0 
0 0t) T7z-Jl/tSitCi;0, 7X— ;i/tf©N© 
ftftSfll*. pM®£ e fcO«]fi;tafb-r-£.^<i:^pItg-r* 

*. si o .cT^-^Moaaoawia^r* 

04* 9 1 fiSiSW. 9 2l»i/V 9 3iit-^S*fc 

fc-y-irr^, 9 4tt^*sttflsf *&»©iifaa3-f 

30 ;k 9 5ttSiflitWftvbTH4. 

[0 0 3 9] fc;fe. 7— — ^ffittzKaSftmb^V^a 
a#*ft:-g-«i-cfi : 5© i b^i»Wc*-5. M&&3\ZIZ, T 
V K**WTS#«Yb-&«. a^tfx^T^ H+CD7 
X-JI/feTX— ;U4»©N©St(tS:«I^., H©&Di££n 

v^rtae> p mm % «k o aasftflsr * c: i a* mm t is. 
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(aaa2) i5(i, *&m<z>&2<Dnt&m\z&t>Z>$£ 

■ 3t^-f ^--Koa^aifi^-raaHT?**. c©hm 
wa, zj>^^ h»*pafc*(t-c««:< najcfeatt-s 

40 dtlt=fc0. 5*&^£££Kft±£-i±fcfc©-e&.5. 

[0 0 4 0] if7r-f 7SS5 0Ocffi±C*fi«»f6 
tlttWlOA 1 NS 1 7 r 1 5 1 (9nm) 
3 5 0 "C \Z -Cfe&.&f£ Sfl. Ka5*«ftia © G a 
o. s I n 0 ., NS2A777I5 2 (0. Swm)*^ 
5 0 < CICTji£gJgj£<*ft, ^-©±(CI nlMihlCG 
aN+fy/15 3 (0. 1 Mm) 5 OridTiSS 

[0 0 4 1] dnb©&®5 1 — 5 3tfBl$.2tirz'& 
IC. 1 0 5 0t:£-Tr#rS£n. SefKliSH-7"® 
50 nt'GaNn>^?hl5 4 (2. Ojim) . fef^FS 



e^L<«S K-7"Ga I n N (G a N~ 
Ga,., I n 0 ., N) M^yi^-^-r >^@5 5 (1. 
Otim) . 2*>\Z&£kXt&<&mmz>S e^b<}iS K- 
/Ca,., In,., N^f5|gi6SS 5 6 (4. Oym) , 
ifi:lTifPt5SefL<BS K-7 (1X10" 
cm°) fiOnSA 1 ,. , Ga,.„ I n,.„ N^5y 
5 7 (1. 0«m) , Ga,., In,., NgftS 5 8 
(0. 5 urn) . MgfKUZn K-^ ( 1 x l 0" 
cnf*) cop^A 1,. , Ga,.,. I n 0 . )t N&yy KB 
5 9 (1. Ojum) , MgfKttZnK-^ (5X1 
0"cm-') Opi!GaN3>^?H60 (0. 5y 

m) WM'£f&&Mf8,ZnT^Z>. 
[0 0 4 2] fit, uy^i7YM& Oil:«Pd : 5 
OOnm, C r : 1 0 0 nm, Au : 5 0 0 nmd*. n 

>^ hjf 5 4±CHAuGe : 1 0 0 nm, Au : 5 
0 0 nm^M^tlfcO^. ^StttfX^L < «N, 4" 

74 0 0~8 0 0tTMl^nt-5 7^fM (pi 

US 6 1, n<S!im«6 2) *«JBj*SnTV»3. 
[0 0 4 3] £Z>j;5fc*ltifiX?,fct>T*>, AINJBl/t 

y77i5 1tGaInNJB2/ty77ll 2«S^i: 
fiSOA 1 Ga I nNM«#I4iriitSCi: 

*«Jtg<hfcD, JSlO*fli«i:ra«Oi»jft*<#6n«. 

Sfc*H2S^JT, SttS 5 8t^7^Fi5 7, 5 9<D 

[0 0 4 4] fci5, *H3S0tJT«. »^3FS«-ff?D«Ofc 
*©Sftfi!c^l^— f^>yi5 5*l8ttfc*<. i^-TUfey 

LTttGa I nNldSe-fGaN^V^CltfeT 
0 6«-?-<© t k5 7iOT-ea&^ <> iitat7r'f7Sffi5 
0 O c BlCdefim^SttMDMOA 1 NMl/^y 
77151 (9nm) *<3 5 OtCTjSSM^n, $ 
SK:*ft2*gSl«©G aNS2 A*-;/ 7 r J! 7 2 (0. 5 
ym) tfS 5 0'CKTj5fcfiJgJ5£3ft-O>£. f l/T, d 
OiKBStWBtKSB 5 4~6 OA^fM^ntU 
•5. 

[0 0 4 5] J|&2*aSnB©/ty 7ritt*< 

Tt>J;<, 0 7«-5-OJ:5ttfi»n?**. ^77-f7«)c 
S^e> a7jfSllC5° t7^ti«5 0 ±lZfit&mMl££. 

t&&fflwm<D%LftA i n» i ? r m 5 i (.w-^mw- 

5nm) ^4 0 0tl;tM$ntH-5. fit. Z\<D 
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WlCig^|5|g©A 1 Ga I nN^¥^#S©J^S**Pjggt 
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